Abstract: Salvia columbariae extracts were examined for the presence of salvianolic acids by HPLC-MS and NMR. A new salvianolic acid, β-sitosterol lithospermic acid, was found.
INTRODUCTION
Salvia columbariae Benth. (Lamiaceae) is an annual sage called chia and is found in the American west from California to Utah and south into Mexico [1] . The Chumash Indian name for the plant is 'ilepesh [1] . The plant is grown by Chumash and other California Indians, is used for food and as a treatment for stroke and heart attack [1, 2] . Previous examinations of plant extracts have found cryptotanshinone, miltionone II and tanshinone IIA [2] . These compounds are also found in Salvia miltiorrhiza (Lamiaceae), the plant used in China as a treatment for stroke and heart attack [3] . Other diterpenoids identified in the aerial parts of S. columbariae include: 11,12-di-O-methylrosmanol, 11,12-di-O-methylcarnosol, carnosic acid, carnosol, rosmanol, epirosmanol, isorosmanol, salvicanol and rosmadial [4] . S. miltiorrhiza is known to contain salvianolic acids [3] . Tanshinones have been shown to be neuroprotective and anti-inflammatory [3] . Salvianolic acids are neuroprotective, increase cerebral blood flow and inhibit platelet aggregation [3] . The current paper reports an examination of S. columbariae for salvianolic acids that may be of interest in stroke treatment.
MATERIALS AND METHODS

General Experiment Procedures
The 1 H NMR spectra were recorded at 400 MHz with TMS as an internal standard. The 13 C NMR spectra were performed at 400 MHz. Plant extracts were fractionated by column chromatography on Silica gel 60. Four fractions were collected by eluting with dichloromethane. A fifth fraction was collected by eluting with 20% methanol in dichloromethane. Fractions were examined for purity by TLC on Silica gel 60. HPLC-MS was performed with a ThermoFinnigan LCQ Deca system. The chromatography involved an Eclipse XDB-C18 column (250x4.6mm i.d., Phenomenex) developed with 1 ml/min of 80/20 methanol/water containing 1% formic acid. High resolution HPLC-MS employed a ThermoFinnigan LCQ ion trap operated in electrospray positive ion mode. Fragmentation of most peaks was studied in MS/MS mode. Chromatography was as described for the low resolution system.
Plant Material
S. columbariae was collected in a city park near Pasadena, California, USA with permission from the park administration. Four plants were collected from the 40 plants found. The plants were identified by J. Adams. Plant vouchers of S. columbariae can be found at the Rancho Santa Ana Botanic Gardens, Claremont, California, USA.
EXTRACTION
S. columbariae roots were extracted by microwave extraction [2] . A sample of 11.4 g or root material was extracted into 50 ml of 90% ethanol. After filtration, the extract was examined by HPLC-MS and fractionated by silica gel column chromatography. C-4, C-7, C-15, C-24, C-33) , 140.39 (3C, C-5', C-5", C-5"'), 132.60(C-21) , 127.60 (C-31), 126.52 (C-13), 121.73 (4C, C-1, C-2, C-6, C-18), 120.90 (4C, C-6', C-6", C-6"', C-36), 115.87 (5C, C-5, C-8, C-14, C-26, C-32), 115.29 (4C, C-17, C-22, C-25, C-35), 81.46 (C-20), 77.33 (3C, C-3', C-3", C-3"'), 76.69 (2C, C-10, C-28), 55.23 (4C, C-14', C-14", C-14"', C-19), 53.31 (3C, C-17', C-17", C-17"'), 50.11 (3C, C-9', C-9", C-9"' ), 45.61 (3C, C-24', C-24", C-24"'), 42.29 (3C, C-13', C-13", C-13"'), 38.17 (3C, C-4', C-4", C-4"'), 37.24 (3C, C-12', C-12", C-12"'), 36.50 (5C, C-10', C-10", C-10"', C-12, C-30), 36.15 (3C, C-1', C-1", C-1"'), 34.58 (3C, C-20', C-20", C-20"'), 34.06 (3C, C-22', C-22", C-22"'), 33.15 (3C, C-8', C-8", C-8"'), 31.65 (3C, C-7', C-7", C-7"'), 29.71 (6C, C-2', C-2", C-2"', C-25', C25", C-25"'), 28.59 (6C, C-15', C-15", C-15"', C-16', C-16", C-16"'), 26.41 (3C, C-23', C-23", C-23"'), 24.86 (3C, C-19', C-19", C-19"'), 23.71 (3C, C-28', C-28", C-28"'), 22.70 (3C, C-11', C-11", C-11"'), 21.08 (3C, C-18', C-18", C-18"'), 19.87 (3C, C-26', C-26", C-26"'), 19.02 (3C, C-27', C-27", C-27"'), 18.84 (3C, C-21', C-21", C-21"'), 11.98 (3C, C-29', C-29", C-29"'); ESI MS 689 [C 35 
RESULTS
Initial low resolution HPLC-MS of S. columbariae extracts demonstrated a peak that eluted at 0.55 min and was the major peak on the total ion current chromatogram. The peak was comprised of a compound similar to salvianolic acid B, here named β-sitosterol lithospermic acid, 1 (Fig. 1) . The compound was characterized by mass fragmentation and was found to lose β-sitosterol resulting in fragments of lithospermate (MW 718, C 36 H 30 O 16 ) [3] . β-Sitosterol was also found as a fragment (MW 399, C 29 H 51 ). However, the molecular ion for the parent compound (1908.6881, C 123 H 174 O 16 ) was not found since the mass spectrometer could not be calibrated for masses above 1200. A fragment was found at 1355.5435 that corresponds to loss of a β-sitosterol and part of the lithospermate (M-C 37 H 59 O 3 ). However, the calibration was not reliable for this fragment.
1 H NMR and 13 C NMR found signals for lithospermate and β-sitosterol. An HMBC NMR experiment of 1 showed that the sterols connect with lithospermate: 3' connects with 23, 3" connects with 34 and 3" connects with 16. Connections were found between lithospermate carbons and protons: 19 connects with 28 and 30. There were numerous connections between the sterol carbons and the sterol side chains, such as 20' connects with 15' and 16', 20" connects with 15" and 16", 20"' connects with 15"' and 16"'. A TOCSY NMR experiment found numerous sterol proton connections such as 1' connects with 12' and 14', 4' connects with 9' and 11', 11' connects with 17'. The structural assignment was confirmed by the ACD Labs NMR predictor program. X-Ray crystallography of the compound was inconclusive implying that the crystals were not of high enough quality.
DISCUSSION
The mass spectrometry of β-sitosterol lithospermic acid demonstrated that it had a base peak ion corresponding to C 35 H 28 O 15 . Several fragments were found corresponding to molecular weights of 168 (loss of C 8 H 8 O 4 ), 181 (loss of C 9 H 9 O 4 ) and 185 (loss of C 8 H 9 O 5 ).
1 H NMR was marked by signals for β-sitosterol and lithospermate. The signals were shown to connect by HMBC and TOCSY experiments. The absolute configuration of lithospermic acid B has been assigned [5] .
A cholesterol ester of a phospholipid was found in the S. columbariae extract. The general structure of this compound was verified by 1 H NMR [6] .
